Differential regulation of cyclin D1 and D2 in protecting against cardiomyocyte proliferation.
Cardiomyocytes withdraw from cell cycle after terminal differentiation due in part to impaired nuclear import of cyclin D1. Thus, we have previously shown that expression of nuclear localization signal-tagged cyclin D1 (D1NLS) and cyclin-dependent kinase 4 promotes cardiomyocyte proliferation both in vitro and in vivo. Here we show that cyclin D2 fails to stimulate cell cycle in cardiomyocytes through a mechanism distinct from that of cyclin D1. We demonstrate that cyclin D2 can express in the nucleus much more efficiently than cyclin D1. Cyclin D2, however, was much less effective in activating CDK2 and cell proliferation than cyclin D1 when expressed transiently in the nucleus of cardiomyocytes using nuclear localization signals. Consistent with such an observation, CDK inhibitors p21(cip1) and p27(kip1) remained bound to CDK2 in cells expressing cyclin D2, whereas p21 and p27 were sequestered to cyclin D1 in cells expressing D1NLS. These data suggest that cyclin D2 has weaker affinities to the CDK inhibitors and therefore is less efficient in activating cell cycle than cyclin D1. According to such a notion, double knockdown of p21 and p27 in cells expressing D2NLS induced activation of CDK2/CDC2 and BrdU incorporation to levels similar to those in cells expressing D1NLS. Taken together, our data suggest that distinct mechanisms keep cyclin D1 and cyclin D2 from activating cell cycle in terminally differentiated cardiomyocytes.